Tyrannomyrmex is placed in the Myrmicinae. The principal traits of this rarely collected and documented genus are mandibles with only two apical teeth, and inner margin of the edentate masticatory border of the mandibles with setae. These setae are modified in T. rex (i.e. thick and cylindrical) (Fig 2c., d. ) but simple and similar to other setae of the body in T. dux and T. legatus. The three species have small eyes reduced to a few ommatidia (Fig  2a. ), 11-segmented antennae with an ill-defined 3-segmented club (Fig 1a., b ., c.) and an apparent palpal formula 2,2 (the formula could not be reliably determined in T. dux). Also, the mesosoma does not present any groove or suture, forming a single broad and continuous convexity in side view (Fig 1c) and the metapleural gland seems to be lacking (Fernández, 2003; Borowiec, 2007; Fig 1d., 2e., f.) .
The reliable placement of Tyrannomyrmex among the Myrmicinae was tentative based on morphological data only. Based on morphological characters (i.e. presence of transformed setae along internal border of mandibles), Fernández (2003) suggested that the genus was close to the Adelomyrmecini and to the Solenopsidini tribes (according to the taxonomy of that time). Alpert (2013) suggested that Tyrannomyrmex was close to Monomorium, a member of the Solenopsidini, by using the comprehensive morphology-based treatment of the Formicidae described by Bolton (2003) . A recent phylogeny of the Myrmicinae, based on 11 nuclear gene fragments, confirmed that Tyrannomyrmex belongs to the Solenopsidini, albeit this clade was somehow redefined (Ward et al., 2015) . According to this work, Tyrannomyrmex legatus is the sister taxon to Monomorium latinode + M. brocha, two species distributed mostly in tropical Asia, similar to Tyrannomyrmex. It should be noted that M. brocha has been transferred to the genus Epelysidris and a new genus under description by Barry Bolton will be erected for M. latinode (Ward et al., 2015) .
Here, we report the discovery of a second worker of T. rex, which becomes therefore the first duplicate (species known from two individuals) of the genus. The specimen is documented by high resolution pictures and SEM photographs and its DNA barcode is provided.
Materials and methods
We collected the ant specimen in December 2012 in MacRitchie Reservoir, Singapore (N 01°20'30'', E 103°49'43''), during a biodiversity survey of the ants from Singapore. It was found in a selectively logged primary forest not exploited for decades, comprising primary forest species at an intermediate stage of regeneration. While the plant species composition was that of a primary forest, it lacked large emergent trees present in adjacent unlogged primary forest. The site was located near an old growth primary forest.
Altogether, we collected 5525 ant specimens in six sites and 877 specimens in the site in which T. rex was collected. The sampling consisted of 25 samples of leaflitter (1 m² each) collected in each site and placed in Berlese extractors. The extractors consisted of a plastic funnel heated with a 100 Watt light bulb which we kept running for two to five days, until the leaf litter was completely dried out. We preserved all specimens in 80% ethanol until identification. The T. rex individual was mounted for photography and a hind leg was dissected immediately afterwards for DNA analysis. We took high resolution digital images using a Leica MC170 camera attached to a Leica S8APO stereomicroscope. A series of images was taken by focusing the sharpness on different levels of the specimen, using the Leica Application Suite v38 (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) and combined with the stacking software Combine ZP (Hadley, 2010) . Final editing of the images was done in Adobe Photoshop CS5. SEM photographs of the specimen were taken using a scanning electron microscope FEI Quanta 200. The specimen is deposited at the Royal Belgian Institute of Natural Sciences, Brussels, Belgium (SPM_ID 4904401; RBINS general inventory 33045).
We extracted DNA from one hind leg using the commercial NucleoSpin Tissue Kit (Macherey-Nagel, Germany) and performed the PCR amplification of the 5' end of the mitochondrial cytochrome c oxidase subunit I (COI) marker (standard DNA barcode region) and a fragment of the wingless gene (Wg). PCR amplification and bidirectional DNA sequencing were executed according to the protocol described by Delsinne et al. (2012) and using the primer pairs LCO1490 / HCO2198 (Folmer et al., 1994) for COI, and Wg578F (Ward & Downie, 2005 (Ratnasingham & Hebert, 2007) for best matches with the two sequences obtained here. Finally, the same two sequences were compared to all COI and Wg sequences available for the tribe Solenopsidini in GenBank. Alignments, pairwise uncorrected p-distances (proportion of nucleotide sites at which two sequences differ) and a neighbor-joining tree were calculated using MEGA 6.06 (Tamura et al., 2013) .
Results and discussion
The COI barcode of T. rex (GenBank accession number: KP294328) has never been sequenced before and is markedly different from all COI sequences available in GenBank and BOLD (< 86% similarity). The best matches involve species of the genera Pheidole and Monomorium.
The GenBank sequence that matches the best with our T. rex Wg (GenBank accession number: KP294329) is the single Wg sequence already available for the genus Tyrannomyrmex (accession number: KJ861941; species: Tyrannomyrmex legatus). On the basis of this marker, the distance between T. rex and T. legatus is 2.8% whereas the inter-generic distances between T. rex and any other Solenopsidini sequence range from 3.4 to 9.6% (Fig 3) . Close-up SEM pictures of Tyrannomyrmex rex illustrating the eye composed of 6 ommatidia (a.), the very short appressed hairs located within foveae on the pronotum (b.), the modified stout and cylindrical setae on the inner margin of the masticatory border of the mandible (dorsal view c., lateroventral view d.), the large and round propodeal lobe (e.), and an oblique view of the metapleuron (f.). Note the absence of metapleural gland orifice on (e.) and (f.).
Fig 3.
Unrooted neighbor-joining tree based on pairwise p-distances among all Solenopsidini wingless sequences available in GenBank.
The discovery of a second specimen of T. rex expands the known range of the species to nearly 250 km to the SouthEast of the only other known location in Malaysia. It also expands the known altitudinal range of the genus, from sea level (24 m; this study) to 1300-1500 m (T. dux) (T. legatus was discovered at intermediate elevation, between 432 and 571 m).
It is worth mentioning that Tyrannomyrmex rex seems to be rare at the scale of the country. Indeed, the specimen mentioned is the single one discovered despite our recent efforts to document leaf-litter ant assemblages from other Singaporean forested sites, representative of both degraded and pristine habitats (six sites; 25 Berlese samples per site). However, this apparent rarity could result from a methodological artifact since the morphology of the genus suggests subterranean habits and the Berlese extraction of leaf-litter fauna is not the more efficient method for documenting hypogean ants.
Interestingly and as anteriorly noted (Fernández, 2003; Borowiec, 2007) , the genus seems to lack a functional metapleural gland (Fig 1d., Fig 2e. , f.), a structure unique to ants and playing a key role in sanitation and chemical defense (Yek & Mueller, 2011) . This gland has been secondarily lost is some ant lineages, mostly in social parasites and arboreal formicines, probably because their life histories render them less exposed to pathogens than ground-dwelling species (Yek & Mueller, 2011 and references therein) . Its absence in Tyrannomyrmex, a probable hypogean genus, suggests either that these ants could be social parasites or that they possess other protections against pathogens as observed for instance in some Camponotus (Walker & Hughes, 2011) and Polyrhachis species (Graystock & Hughes, 2011) . Additional material and anatomical studies are obviously required to test these hypotheses.
The unique specimen of T. legatus was found in an undisturbed and unlogged lowland dipterocarp forest in Sri Lanka, and the T. rex individual studied by Fernández (2003) was collected in a forest reserve. We found the second T. rex worker in a selectively logged primary forest unexploited for decades, very similar in terms of vegetation composition to the primary forest nearby. Although information about the habitat where T. dux was collected is lacking, available data suggest that this rarely collected genus occurs in pristine or little disturbed tropical forests of Asia. Singapore has lost more than 95% of its original forest over the last two centuries leading to a massive extinction of its biodiversity (Brook et al., 2003) . Fortunately, efforts were recently made to preserve the remaining pristine areas of the island, to improve the biodiversity value of secondary forests and urban areas, and to increase the connectivity among green patches (Fam et al., 2014; Tan & Hamid, 2014) . The presence of Tyrannomyrmex rex, a species suspected to be restricted to well-preserved tropical forests, points out that efforts for maintaining Singaporean biodiversity are worth being pursued.
